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Recently developed molecular biology approaches make possible the detailed
genetic, taxonomic and ecological examination of microorganisms from various habi-
tats. Animal gut represents one of the most complex microbial ecosystems with a large
degree of microbial biodiversity present. Bacteria inhabiting the gut usually play im-
portant roles in metabolic transformations of substrates and sometimes, e.g. in rumi-
nants, they make the basis for an obligate symbiosis with the host. Here we discuss mo-
lecular microbiology as a strategy for examination of gut bacteria, concentrating on a
typical and in such environment dominant group of strictly anaerobic Gram-negative
bacteria from the phylogenetic group Cytophaga/Flexibacter/Bacteroides. The bacte-
ria from the genus Prevotella are the most abundant Gram-negative bacteria in the ru-
men and form a distinctive phylogenetic cluster, clearly separated from prevotellas
isolated from other ecological niches. They may represent a good choice for a model
organism in genetic manipulation experiments and for studies of gene transfer mecha-
nisms taking place in the gut. The molecular tools for detection and monitoring of
ruminal prevotellas are discussed.
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Modern approaches towards analysis and monitoring of microorganisms

in their natural habitats

Understanding of the role that microorganisms play in their natural habitats
or ecosystems requires detailed physiological, genetic and ecological knowledge
of the specific population as well as individual cells that constitute the population.
However, studying the role of specific microorganisms in nature remains difficult,
mainly because of the complexity and diversity of natural microbial populations,
improper isolation techniques and unsatisfactory cultivability achieved in in vitro

conditions [1]. Until recently, isolation and capability of growing the microorgan-
isms in vitro were the key points in such studies which were inevitably missing
large proportions of species and even genera present but uncultivable. In the late
1980’s molecular biology approaches were used for investigation of microbial
biodiversity. Researchers analyzed parts of microbial genomes directly via clon-
ing and sequencing and thus avoided the isolation/cultivation steps, hoping, that
the variability in sequences of the analyzed genes will reflect the variability of the
host genomes and therefore microorganisms. The small ribosomal subunit was
chosen as the perfect molecular target for such studies, due to its evolutionary
chronometer behavior [2].

With the onset of the PCR reaction, which made the whole procedure of am-
plification of the 16S rRNA genes and subsequent cloning substantially easier, a
variety of natural microbial ecosystems was analyzed showing that indeed an
enormous number of bacterial species and even genera remained hidden due to our
incapacity to isolate and grow them in vitro. Subsequently other techniques,
mainly based on the modification of the PCR reaction, were developed, which
made possible not only the qualitative analysis of the genetic diversity of certain
microbial community, but also quantification and monitoring of individual species
or groups and thus the dynamics of the total population. Competitive PCR seems
to be one of the most efficient, reproducible, and flexible methods for molecular
quantification of targeted microroganisms [3, 4]. T-RFLP or terminal restriction
analysis is on the other hand a method that makes possible the assessment of
changes of the structure of a complex population [5–7] as does PCR-DGGE tech-
nique too [8–11]. In situ hybridization using fluorescently labeled oligonucleotide
probes is another alternative which can be combined with either epifluorescent mi-
croscopy [1] or flow cytometry [12] for a faster, automated multifactorial analysis.
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Gut microbiology and molecular methods

Microorganisms were known for decades to play immensely important
roles as inhabitants of the alimentary tract in animals and humans, especially in an-
imals feeding mainly on plant material. Ruminants for example, developed an inti-
mate symbiotic relationship with the microorganisms living in the foregut, de-
pending entirely on the capacity of their symbiotic partner to degrade the main
substrate i.e. cellulose and hemicelluloses [13–15]. A number of species and gen-
era were identified and studied, however rumen microbiologists were aware that
despite of the development of rigorous anaerobic cultivation methods and suitable
media, at least some functionally important groups may not have been recovered
yet [14]. The level of knowledge was even lower in other gut models, somewhat
better in human, pig, rodent and interestingly termite gut, but much more scarce in
others.

Molecular approaches were used in gut microbiology soon after these have
been first applied for examination of less complex ecosystems. Radioactively or
fluorescently labeled phylogenetic oligonucleotide probes were used in hybridiza-
tion experiments first [16, 17] and later these probes and other oligonucleotide se-
quences were used as PCR primers in straightforward PCR reactions or their varia-
tions. Finally, cloning and sequencing of ribosomal genes was performed for anal-
ysis of human [18–20], ruminal [21–23], porcine [24] as well as termite microbial
biodiversity [25, 26]. In situ hybridization techniques are now used widely for de-
tection, enumeration and monitoring of certain bacterial species or groups in gut
samples [17, 27–29]. First attempts to use flow cytometry in combination with in

situ hybridization in order to monitor ruminal bacteria were reported too [30].

Rumen and the bacterial genus Prevotella

Gram-negative bacteria, identified as members of the genus Prevotella be-
long to a phylogenetic group Cytophaga/Flexibacter/Bacteroides (CFB) [31]. To-
gether with members of the genus Bacteroides, they usually constitute one of the
dominant bacterial populations inhabiting anaerobic parts of animal gastrointesti-
nal tract. Anaerobiosis usually requires complex structure of the gastrointestinal
tract, but is essential for growth of Bacteroides and Prevotella spp. Interestingly, a
ribotype moderately related to B. acidofaciens and B. eggerthii was recently dis-
covered also in a very simple, seemingly aerobic, part of the gut of common wood-
louse Porcelio scaber [32]. It seems therefore likely that small anaerobic niches
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can be established also in prevailingly aerobic gut segments and that strictly anaer-
obic bacteria can survive in what looks at the first glance a hostile i.e. aerobic envi-
ronment. The later is in agreement with recent findings showing that methano-
genic archaea inhabiting the termite gut live in close proximity or partially even
within the aerobic zone of the gut even though they are strict anaerobes [33].

Whereas Bacteroides spp. prevail in the hindgut of monogastric animals,
prevotellas are recognized as one of the most abundant groups of ruminal microor-
ganisms. They were first identified in 1950’s and classified as members of the spe-
cies Bacteroides ruminicola [34], but have been later transferred to the genus
Prevotella by Shah and Collins [35]. Several authors have demonstrated the abun-
dance of the ruminal prevotellas with traditional enumeration methods and in cer-
tain cases even up to 70% of isolates grown on nonselective medium were identi-
fied as prevotellas [36].

These findings were confirmed recently by molecular studies, using restric-
tion enzyme profiling of PCR amplified 16S rRNA genes. The prevotellas ac-
counted for between 12 and 62% of total eubacterial 16S rDNA from rumen fluid
samples of sheep and cow [37]. That all made the genus Prevotella potentially the
most interesting ruminal Gram-negative bacteria for gene transfer and manipula-
tion studies. Unfortunately, only few cryptic plasmids were discovered in ruminal
Prevotella isolates that could be used as the basis for the construction of efficient
shuttle vectors [38] and no transposable elements from these bacteria have been
described yet. Tetracycline resistance genes were found which could be used as
markers in gene transfer studies [38], but on the other hand strong deoxyribo-

Acta Microbiologica et Immunologica Hungarica 50, 2003

398 PETERKA et al.

Figure 1. Flow cytometric analysis of mixed cultures P. bryantii and B. fibrisolvens. The discrimination of
bacterial cells from different species and from inorganic particles can be seen on two-dimensional dot plot

(left) and two-dimensional histogram (right) [30]
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P. bryantii B14



nuclease activities were disclosed, hampering the progress [39, 40]. A temperate
bacteriophage was identified [41], however, the 16S rRNA sequence analysis of
the host strain AR29 showed that it was actually not a true Prevotella, but rather a
member of the B. fragilis group (unpublished). Despite of the lack of the genetic
tools available, several genes of ruminal prevotellas have already been cloned and
analyzed [42–50] and some work was done also on the development of the gene
transfer systems [51–57]. It is necessary, however, to continue the search for such
genetic elements in order to successfully establish a truly useful genetic system for
ruminal prevotellas.

Molecular taxonomy and genetic diversity of the ruminal prevotellas

Due to the recognized heterogeneity of the species on the biochemical and
genetic level [58–60], the species were split into four separate species named P.

ruminicola, P. brevis, P. albensis and P. bryantii [61]. Several studies investigat-
ing the genetic diversity of ruminal bacteria through sequence analysis of directly
amplified and cloned ribosomal genes were published recently [21–23]. The first
two studies screened the total bacterial population in the rumen, whereas Ramšak
et al. [23] focused on the members of the phylogenetic group Cytophaga/
Flexibacter/Bacteroides (CFB). It was shown clearly that within the Gram- nega-
tive cluster of ruminal bacteria the majority of the ribotypes belong to the CFB
phylogenetic group and that the organisms harboring these genes must be mem-
bers or close relatives of the genus Prevotella [21, 22]. It was shown also that the
majority of the cloned ribotypes belong to a “supercluster” of so-called “ruminal
prevotellas”, which are phylogenetically clearly separated from prevotellas iso-
lated from other ecological niches (Figure 2) [23]. The members of this super-
cluster form several (at least six) taxonomic groups however, most probably on the
species level. When the comparison of the ribotypes, obtained directly from the to-
tal rumen microbial DNA, with the 16S rRNA sequences from isolated ruminal
Prevotella strains was done, it became clear that there are already isolated strains
available for the majority of defined groups, which were previously identified only
by PCR amplification and sequencing.

In bacteria, the genes coding for rRNA are usually linked within one operon
in 16S rRNA–23S rRNA–5S rRNA order with internal spacer regions (ISR) be-
tween them [62]. A common assumption, that copies of rRNA genes within the
same organism are identical, has been questioned recently since several reports de-
scribed considerable differences in nucleotide sequences between copies of rRNA
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Figure 2. Phylogenetic placement of 16S rDNA sequences from cultivated rumen bacteria belonging to the
CFB phylum. The E. coli sequence is used as the outgroup for rooting the tree. Numbers above each node are
confidence levels (%) generated from 1000 bootstrap trees. The scale bar is in fixed nucleotide substitutions

per sequence position. The tree is a modification of Figure 1 from Ramšak et al. [23]



genes in a single organism [63–65]. Such findings are important from phylogen-
etic as well as functional aspects. To analyze such possible heterogeneities, indi-
vidual copies of rRNA genes must be cloned and sequenced. Four to six ribosomal
operons were found in type strains of ruminal Prevotella species and preliminary
analysis of some of the cloned genes did not show sequence variations above 2 %
(Peterka and Avguštin, unpublished), which sustains the findings from molecular
studies mentioned above.

Molecular tools for detection and monitoring of the prevotellas

The construction of useful molecular tools for specific detection and moni-
toring of microorganisms in their natural environments depends mainly on discov-
ery of appropriate target regions. These are mainly short DNA or RNA sequences
for which complementary oligonucleotides can be synthesized and appropriately
labeled. Ribosomal RNA sequences are particularly suitable, since a growing cell
usually harbors several thousand ribosomes acting as targets in in situ hybridiza-
tion experiments [1]. First oligonucleotide sequences developed for ruminal
prevotellas were used as PCR primers [56]. Particularly useful proved to be the
broad range primer named BacPre, which was later shown to be very much con-
served within ruminal prevotellas. Other broad range oligonucleotide probes, cov-
ering a number of taxonomic groups within the CFB phylum were published later
[66], however, it was shown that only a minor part of the retrieved ruminal rRNA
sequences are homologous with them [23].

Based on the described specific oligonucleotides, competitive PCR systems
for specific detection and enumeration of all ruminal prevotellas as well as species
P. ruminicola and P. bryantii are being developed (Figure 3) [67]. The attemepts
for enumeration and monitoring of ruminal prevotellas in the rumen of a cow and
sheep as well as horse and other monogastric animals are currently undergoing.
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Figure 3. Construction of the internal control for the competitive PCR specific for ruminal prevotellas [61].
The internal control shares the same sequence as the target region, but is slightly shorter due to removing of
the middle part through restriction with appropriate endonucleases (left and in the middle). Choosing the
correct dilution of the internal control, a series of competitive PCR reactions was performed with serially

diluted sample DNA



What can be expected in the near future

With the use of modern molecular approaches, we can realistically expect
to gain substantial new information about the microbial community structure in-
habiting the animal and human gut. Presumably, new species from this genus will
be discovered, whose existence was until now indicated only by direct retrieving
and analysis of ribosomal genes. The analysis of the ribosomal gene sequence da-
tabases and the large number of available rRNA sequences from ruminal
prevotellas and other microorganisms already makes possible the search for spe-
cies or genera specific sequences which can be utilized for construction of
oligonucleotide probes or primers. The use of molecular tools like cPCR, T-RFLP
or DGGE-PCR and in situ hybridization combined with epifluorescent micros-
copy or flow cytometry will make possible not only detection and studies concern-
ing spatial distribution of targeted microorganisms, but also rapid, efficient and re-
liable enumeration which will be the basis of true monitoring of the species or gen-
era status in the given habitat. The role and importance of bacterial genera such as
Prevotella will finally be elucidated as well as the distribution in various gastroin-
testinal environments.

Acknowledgements. This work was supported by the grants from the Ministries of Sci-
ence and Technology and of Agriculture, Forestry and Nutrition, Republic of Slovenia and by
the Central Waste-Water Treatment Plant Domzale-Kamnik, Republic of Slovenia.

References

1. Amann, R., Ludwig, W., Schleifer, K-H.: Phylogenetic identification and in situ detection of
individual microbial cells without cultivation. Microbiol Rev 59, 143–169 (1995).

2. Woese, C.: Bacterial evolution. Microbiol Rev 51, 221–271 (1987).
3. Clementi, M., Menzo, S., Manzin, A., Bagnarelli, P.: Quantitative molecular methods in vi-

rology. Arch Virol 140, 1523–1539 (1995).
4. Lee, S. Y., Bollinger, J., Bezdicek, D., Ogram, A.: Estimation of the abundance of an uncul-

tured soil bacterial strain by a competitive quantitative PCR method. Appl Environ
Microbiol 62, 3787–3793 (1996).

5. Liu, W-T., Marsh, T. L., Cheng, H., Forney, L. J.: Characterization of microbial diversity by
determining terminal restriction fragment length polymorphisms of genes encoding 16S
rRNA. Appl Environ Microbiol 63, 4516–4522 (1997).

6. Dunbar, J., Ticknor, L. O., Kuske, C. R.: Assessment of microbial diversity in four south-
western United States soils by 16S rRNA gene terminal restriction fragment analysis. Appl
Environ Microbiol 66, 2943–2950 (2000).

Acta Microbiologica et Immunologica Hungarica 50, 2003

402 PETERKA et al.



7. Lukow, T., Dunfield, P. F., Liesack, W.: Use of the T-RFLP technique to assess spatial and
temporal changes in the bacterial community structure within an agricultural soil planted
with transgenic and non-transgenic potato plants. FEMS Microbiol Ecol 1, 241–247 (2000).

8. Muyzer, G., de Waal, E. C., Uitterlinden, A. G.: Profiling of complex microbial populations
by denaturing gradient gel electrophoresis analysis of polymerase chain reaction-amplified
genes coding for 16S rRNA. Appl Environ Microbiol 59, 695–700 (1993).

9. Moeseneder, M. M., Arrieta, J. M., Muyzer, G., Winter, C., Herndl, G. J.: Optimization of
terminal-restriction fragment length polymorphism analysis for complex marine
bacterio-plankton communities and comparison with denaturing gradient gel electrophore-
sis. Appl Environ Microbiol 65, 3518–3525 (1999).

10. Simpson, J. M., McCracken, V. J., White, B. A., Gaskins, H. R., Mackie, R. I.: Application
of denaturant gradient gel electrophoresis for the analysis of the porcine gastrointestinal
microbiota. J Microbiol Meth 36, 167–179 (1999).

11. Bruggemann, J., Stephen, J. R., Chang, Y. J., Macnaughton, S. J., Kowalchuk, G. A., Kline,
E., White, D. C.: Competitive PCR-DGGE analysis of bacterial mixtures: an internal stand-
ard and an appraisal of template enumeration accuracy. J Microbiol Meth 40, 111–123
(2000).

12. Davey, H. M., Kell, D. B.: Flow cytometry and cell sorting of heterogeneous microbial pop-
ulations: the importance of single-cell analyses. Microbiol Rev 60, 641–696 (1996).

13. Hungate, R. E.: The rumen and its microbes. Academic Press Inc., New York, N.Y, 1966.
14. Stewart, C. S., Flint, H. J., Bryant, M. P.: The rumen bacteria. In: Hobson, P. N., Stewart,

C. S. (eds): The rumen microbial ecosystem. Blackie, London, United Kingdom 1997, pp.
10–72.

15. Hespell, R. B., Akin, D. E., Dehority, B. A.: Bacteria, fungi and protozoa of the rumen. In:
Mackie, R. I., White, B. A., Isaacson, R. E. (eds): Gastrointestinal microbiology, Vol. 2.
Chapman and Hall, New York, N.Y. 1997, pp. 59–141.

16. Stahl, D. A., Flesher, B., Mansfield, H. R., Montgomery, L.: Use of phylogenetically based
hybridization probes for studies of ruminal microbial ecology. Appl Environ Microbiol 54,

1079–1084 (1988).
17. Forster, R. J., Gong, J., Teather, R. M.: Group-specific 16S rRNA hybridization probes for

determinative and community structure studies of Butyrivibrio fibrisolvens in the rumen.
Appl Environ Microbiol 63, 1256–1260 (1997).

18. Wilson, K. H., Blitchington, R. B.: Phylogenetic placement of community members of hu-
man colonic biota. Appl Environ Microbiol 62, 2273–2278 (1996).

19. Dore, J., Sghir, A., Hannequart-Gramet, G., Corthier, G., Pochart, P.: Design and evaluation
of a 16S rRNA-targeted oligonucleotide probe for specific detection and quantitation of hu-
man faecal Bacteroides populations. System Appl Microbiol 21, 64–71 (1998).

20. Suau, A., Bonnet, R., Sutren, M., Godon, J. J., Gibson, G. R., Collins, M. D., Dore, J.: Direct
analysis of genes encoding 16S rRNA from complex communities reveals many novel mo-
lecular species within the human gut. Appl Environ Microbiol 65, 4799–4808 (1999).

21. Whitford, M. F., Forster, R. J., Beard, C. E., Gong, J., Teather, R. M.: Phylogenetic analysis
of rumen bacteria by comparative sequence analysis of cloned 16S rRNA genes. Anaerobe
4, 153–163 (1998).

22. Tajima, K., Aminov, R., Nagamine, T., Ogata, K., Nakamura, M., Matsui, H., Benno, Y.:
Rumen bacterial diversity as determined by sequence analysis of 16S rDNA libraries. FEMS
Microbiol Ecol 29, 159–169 (1999).

Acta Microbiologica et Immunologica Hungarica 50, 2003

GUT BACTERIA 403



23. Ramšak, A., Peterka, M., Tajima, K., Martin, J. C., Wood, J., Johnston, M. E. A., Aminov,
R. I., Flint, H. J., Avguštin, G.: Unraveling the genetic diversity of ruminal bacteria belong-
ing to the CFB phylum. FEMS Microbiol Ecol 33, 69–79 (2000).

24. Pryde, S. E., Richardson, A. J., Stewart, C. S., Flint, H. J.: Molecular analysis of the micro-
bial diversity present in the colonic wall, colonic lumen, and cecal lumen of a pig. Appl En-
viron Microbiol 65, 5372–5377 (1999).

25. Kudo, T., Ohkuma, M., Morijya, S., Noda, S., Ohtoko, K.: Molecular phylogenetic identifi-
cation of the intestinal anaerobic microbial community in the hindgut of the termite,
Reticulitermes speratus, without cultivation. Extremophiles 2, 155–161 (1998).

26. Shinzato, N., Matsumoto, T., Yamaoka, I., Oshima, T., Yamagishi, A.: Phylogenetic diver-
sity of symbiotic methanogens living in the hindgut of the lower termite Reticulitermes

speratus analyzed by PCR and in situ hybridization. Appl Environ Microbiol 65, 837–840
(1999).

27. Jansen, G. J., Wildeboer-Veloo, A. C., Tonk, R. H., Franks, A. H., Welling, G. W.: Develop-
ment and validation of an automated, microscopy-based method for enumeration of groups
of intestinal bacteria. J Microbiol Methods 37, 215–221 (1999).

28. Berchtold, M., Chatzinotas, A., Schönhuber, W., Brune, A., Amann, R., Hahn, D., König,
H.: Differential enumeration and in situ localization of microorganisms in the hindgut of the
lower termite Mastotermes darwiniensis by hybridization with rRNA-targeted probes. Arch
Microbiol 172, 407–416 (1999).

29. Sghir, A., Gramet, G., Suau, A., Rochet, V., Pochart, P., Dore, J.: Quantification of bacterial
groups within human fecal flora by oligonucleotide probe hybridization. Appl Environ
Microbiol 66, 2263–2266 (2000).

30. Avguštin, G., Lipoglavšek, L.: Flow cytometric analysis of ruminal prevotellas. In: Chal-
lenges for microbial digestive ecology at the beginning of the third millennium. 25–26 May
2000, Clermont-Ferrand, France. Reprod Nutr Dev 40, 183 (2000).

31. Paster, B. J., Ludwig, W., Weisburg, W. G., Stackebrandt, E., Hespell, R. B., Hatan, C. M.,
Reichenbach, K., Stetter, O., Woesse, C. R.: A phylogenetic grouping of the bacteroides,
cytophagas and certain flavobacteria. Syst Appl Microbiol 6, 34–42 (1985).

32. Kostanjšek, R., Štrus, J., Avguštin, G.: Genetic diversity of bacteria associated with the
hindgut of the terrestrial crustacean Porcellio scaber (Crustacea: Isopoda) (submitted for
publication).

33. Schmitt-Wagner, D., Brune, A.: Hydrogen profiles and localization of methanogenic activi-
ties in the highly compartmentalized hindgut of soil-feeding higher termites (Cubitermes

spp.). Appl Environ Microbiol 65, 4490–4496 (1999).
34. Bryant, M. P., Small, N., Bouma, C., Chu, H.: Bacteroides ruminicola n. sp. and Succi-

nomonas amylolytica the new species and genus. J Bacteriol 76, 15–23 (1958).
35. Shah, H. N.: The genus Bacteroides and related taxa. In: Balows, A., Truper, H. G.,

Dworkin, M., Harder, W., Scheifer, K-H. ( eds): The prokaryotes: a handbook on the biology
of bacteria, isolation, identification, application, 2nd ed. Springer-Verlag, New York, N.Y.,
1992, pp. 3593–3607.

36. van Gylswyk, N. O.: Enumeration and presumptive identification of some functional groups
of bacteria in the rumen of dairy cows fed grass silage based diets. FEMS Microbiol Ecol 73,

243–254 (1990).
37. Wood, J., Scott, K. P., Avguštin, G., Newbold, C. J., Flint, H. J.: Estimation of the relative

abundance of different Bacteroides and Prevotella ribotypes in gut samples by restriction

Acta Microbiologica et Immunologica Hungarica 50, 2003

404 PETERKA et al.



enzyme profiling of PCR-amplified 16S rRNA gene sequences. Appl Environ Microbiol 64,

3683–3689 (1998).
38. Flint, H. J., Stewart, C. S.: Antibiotic-resistance patterns and plasmids of ruminal strains of

Bacteroides ruminicola and Bacteroides multiacidus. Appl Microbiol Biotechnol 26,

450–455 (1987).
39. Flint, H. J., Thomson, A. M.: Deoxyribonuclease activity in rumen bacteria. Lett Appl

Microbiol 11, 18–21 (1990).
40. Accetto, T., Avguštin, G.: Nuclease from Prevotella bryantii B14T. In: Challenges for mi-

crobial digestive ecology at the beginning of the third millennium. 25–26 May 2000,
Clermont-Ferrand, France. Reprod Nutr Dev 40, 217–218 (2000).

41. Gregg, K., Kennedy, B. G., Klieve, A. V.: Cloning and DNA sequence analysis of the region
containing attpP of the temperate phage fAR29 of Prevotella ruminicola AR29. Microbiol-
ogy 140, 2109–2114 (1994).

42. Maglione, G., Matsushita, O., Russell, J. B., Wilson, D. B.: Properties of a genetically recon-
structed Prevotella ruminicola endoglucanase. Appl Environ Microbiol 58, 3593–3597
(1992).

43. Vercoe, P. E., Gregg, K.: DNA sequence and transcription of an endoglucanase gene from
Prevotella (Bacteroides) ruminicola AR20. Mol Gen Genet 233, 284–292 (1992).

44. Gasparic, A., Martin, J., Daniel, A. S., Flint, H. J.: A xylan hydrolase gene cluster in
Prevotella ruminicola B(1)4: sequence relationships, synergistic interactions, and oxygen
sensitivity of a novel enzyme with exoxylanase and beta-(1,4)-xylosidase activities. Appl
Environ Microbiol 61, 2958–2964 (1995).

45. Gasparic, A., Marinšek-Logar, R., Martin, J., Wallace, R. J., Nekrep, F. V., Flint, H. J.: Iso-
lation of genes encoding beta-D-xylanase, beta-D-xylosidase and alpha-L-arabinofura-
nosidase activities from the rumen bacterium Prevotella ruminicola B1(4). FEMS Micro-
biol Lett 125, 135–141 (1995).

46. Wullf-Strobel, C. R., Wilson, D. B.: Cloning, sequencing, and characterization of a mem-
brane-associated Prevotella ruminicola B(1)4 beta-glucosidase with cellodextrinase and
cyanoglycosidase activities. J Bacteriol 177, 5884–5890 (1995).

47. Gardner, R. G., Wells, J. E., Fields, M. W., Wilson, D. B., Russell, J. B.: A Prevotella

ruminicola B(1)4 operon encoding extracellular polysaccharide hydrolases. Curr Microbiol
35, 274–277 (1997).

48. Flint, H. J., Whitehead, T. R., Martin, J., Gasparic, A.: Interrupted catalytic domain struc-
tures in xylanases from two distantly related strains of Prevotella ruminicola. Biochim
Biophys Acta 1337, 161–165 (1997).

49. Aminov, R. I., Nagamine, T., Ogata, K., Sugiura, M., Tajima, K., Benno, Y.: Cloning, se-
quencing and complementation analysis of the recA gene from Prevotella ruminicola.
FEMS Microbiol Lett 144, 53–59 (1996).

50. Aminov, R. I., Tajima, K., Ogata, K., Nagamine, T., Sugiura, M., Benno, Y.: Transcriptional
regulation of the Prevotella ruminicola recA gene. Curr Microbiol 36, 259–265 (1998).

51. Shoemaker, N. B., Anderson, K. L., Smithson, S. L., Wang, G. R., Salyers, A. A.: Conjugal
transfer of a shuttle vector from the human colonic anaerobe Bacteroides uniformis to the
ruminal anaerobe Prevotella (Bacteroides) ruminicola B(1)4. Appl Environ Microbiol 57,

2114–2120 (1991).
52. Shoemaker, N. B., Wang, G. R., Salyers, A. A.: Evidence for natural transfer of a tetracy-

cline resistance gene between bacteria from the human colon and bacteria from the bovine
rumen. Appl Environ Microbiol 58, 1313–1320 (1992).

Acta Microbiologica et Immunologica Hungarica 50, 2003

GUT BACTERIA 405



53. Bechet, M., Pheulpin, P., Flint, H. J., Martin, J., Dubourguier, H. C.: Transfer of hybrid
plasmids based on the replicon pRRI7 from Escherichia coli to Bacteroides and Prevotella

strains. J Appl Bacteriol 74, 542–548 (1993).
54. Daniel, A. S., Martin, J., Vanat, I., Whitehead, T. R., Flint, H. J.: Expression of a cloned

cellulase/xylanase gene from Prevotella ruminicola in Bacteroides vulgatus, Bacteroides

uniformis and Prevotella ruminicola. J Appl Bacteriol 79, 417–424 (1995).
55. Ogata, K., Aminov, R. I., Nagamine, T., Benno, Y., Sekizaki, T., Mitsumoti, M., Minato, H.,

Itabashi, H.: Structural organization of pRAM4, a cryptic plasmid from Prevotella

ruminicola. Plasmid 35, 91–97 (1996).
56. Gardner, R. G., Russell, J. B., Wilson, D. B., Wang, G. R., Shoemaker, N. B.: Use of a modi-

fied Bacteroides-Prevotella shuttle vector to transfer a reconstructed beta-1,4-D-endo-
glucanase gene into Bacteroides uniformis and Prevotella ruminicola B(1)4. Appl Environ
Microbiol 62, 196–202 (1996).

57. Salyers, A. A., Bonheyo, G., Shoemaker, N. B.: Starting a new genetic system: lessons from
bacteroides. Methods 20, 35–46 (2000).

58. Mannarelli, B. M., Ericsson, L. D., Stack, R. J.: Taxonomic relationships among strains of
the anaerobic bacterium Bacteroides ruminicola determined by DNA and extracellular
polysaccharide analysis. Appl Environ Microbiol 57, 2975–2980 (1991).

59. Avguštin, G., Wright, F., Flint, H. J.: Genetic diversity and phylogenetic relationships
among strains of Prevotella (Bacteroides) ruminicola from the rumen. Int J Syst Bacteriol
44, 246–255 (1994).

60. Avguštin, G., Flint, H. J., Nekrep, F. V.: The phylogenetic analysis of anaerobic rumen bac-
teria from the genus Prevotella on the basis of 16s rRNA sequence data. In: First Slovene
Microbiological Congress with International Participation, 24–27 October 1993, Bled,
Slovenia. Alpe Adria Microbiol J 3, 52–53 (1994).

61. Avguštin, G., Wallace, J. R., Flint, H. J.: Phenotypic diversity among ruminal isolates of
Prevotella ruminicola: proposal of Prevotella brevis sp. nov., Prevotella bryantii sp. nov.,
and Prevotella albensis sp. nov. and redefinition of Prevotella ruminicola. Int J Syst
Bacteriol 47, 284–288 (1997).

62. Krawiec, S., Riley, M.: Organization of the bacterial chromosome. Microbiol Rev 54,

502–539 (1990).
63. Mylvaganam, S., Dennis, P. P.: Sequence heterogeneity between the two genes encoding

16S rRNA from the halophilic archaebacterium Haloarcula marismortui. Genetics 130,

399–410 (1992).
64. Wang, Y., Zhang, Z., Ramanan, N.: The actinomycete Thermobispora bispora contains two

distinct types of transcriptionally active 16S rRNA genes. J Bacteriol 179, 3270–3276
(1997).

65. Dennis, P. P., Ziesche, S., Mylvaganam, S.: Transcription analysis of two disparate rRNA
operons in the halophilic archaeon Haloarcula marismortui. J Bacteriol 180, 4804–4813
(1998).

66. Manz, W., Amann, R., Ludwig, W., Vancanneyt, M., Schleifer, K-H.: Application of a suite
of 16S rRNA-specific oligonucleotide probes designed to investigate bacteria of the phylum
cytophaga-flavobacter-bacteroides in the natural environment. Microbiology 142, 1097–
1106 (1996).

67. Tepšic, K., Avguštin, G.: Competitive PCR and the detection and quantification of ruminal
prevotellas. In: Challenges for microbial digestive ecology at the beginning of the third mil-
lennium. 25–26 May 2000, Clermont-Ferrand, France. Reprod Nutr Dev 40, 183 (2000).

Acta Microbiologica et Immunologica Hungarica 50, 2003

406 PETERKA et al.


